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PURPOSE: To provide an operational amplifier circuit in which an output stage is in push-pull operation and a 
stability function of an output stage current is provided. 

CONSTITUTION: A 1st differential amplifier circuit 1 having n-channel differential MOS TR pairs 01. Q3 and 
a 2nd differential amplifier circuit 2 having p-channel differential MOS TR pairs Q2, 04 are provided to an 
input stage. A complementary output circuit 5 is configured by a p-channel MOSi TR Q15 and an n- channel 
MOS TR Q16 whose gates are controlled by an output of the circuits 1 , 2. A current of the output stage MOS 
TRs Q15, 016 is detected respectively by 1st and 2nd current detection circuits 6, 7. A reference current 
source circuit 8 providing a common reference current to current mirror circuits 3. 4 providing an active load 
current of the differential amplifier circuits 1, 2 is controlled by the detected current to apply negative feedback 
to suppress fluctuation in a through-current of the complementary output circuit 5. 
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i: p ^ 1 ® * u > h i 7 -ElSSt: J: -Stfettft 

am 1 ©x;(3Siii!jJitiii^ i: nt^ 2 ©a 

ajfflMOS h7>i;:x^'*fflv\-cfilBp^+'*-'i'Om* 
aiffl M O S h 7 > V :^ ^ IX t sJiiB n 1' ^ ;i'©tli:^J 

©Mos h7>i^:^4'©«at{cj±«»ji-5tsiadsat*i#s 
mtaiBi, m2©aat«ttniii8S©m:*j{c<fcf3-fti-eixsij 

^ 2 ©;!j u > h ^ ^-Mmcoi^m&mmmt Lxmi^m 

1. ll2®«»K«^fcB[HlSS{;J;S«iffiasg©«t:Jt«aJ1-S 

tz^nm^E^o 30 

C^«JS21 Hiii3^1©«at1Simi5i^li. milBp^^^ 
^;i/O««t«^HifflM0S h7>i?x3'Of^-\'^;u*ii:5=- 
i'^;i'ftoit*iMffip^i'*-'V©ttJ*SMOS h7>i; 

;^^'©f--^^;i'*ii:f--\'4^;i'ftoi±© i/N (flu^ N 
>1) CiS^^n-C. Hyi3p5^v^;i'©til;»3SMOS h 

^ > ■/ X ^ © a u ^7 ^ ftifit© 1 / N © i^mmss f# 2. ^» 

©•CfeO, 

«i:5^-\':?>>i'fi®Jt® l/Nfc:ia^$nT> Hri!3n?-i' 

^;ufflffi;'3©M0S h^>i/;^i'®=Ji/^^'fl:»S® 1/ 
N ® tK « St ^ {# S t) ® -C- 5 C i: & 1^ St i: 1 5 IS ^ JI 
1 l3ie®^^ig^[°]!go 
I^B^®Pffl«:i5i^] 
[ 0 0 0 1 ] 

[glS±©f<jffl^if] ::o«Hm. pf--t'^;i'®ai;t;g 
:^ ^ t: J; 5 r -y a r ft § fr o ffl 5i as * 0 IS * 
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[0 0 0 2 ] 

[tS*®aii51 CMOS7-n-t:;<tc<};2,}l»ti*i0SS 

SM»j|5i!S*Jffli,>e.n> tti;^!©!*^^^!©^^^^^^^^ 
^;i/x> C®M®Sg[li*ilHiKI±. ffi;^ 

©^' >br-y>;^*+^5-/h^ < L.TAajK*«t|&-C§?. 
<t^Ct5i£:>SA^«.0s ^n:cf#oTtii;t;©MOS h7 
> y * mSK^fi®+^:^# ® i: -r 2. c i: 

[0 0 0 3] cnc^ftt. te'i'>tr-^>;^fi^©h- 

Scbt. ia4t:s^-rJ:5CftaiVDD«!ltg?i6VSSffi9t:E 

SSt-rtiK^ tii;t;©Op^-\'^;uM0S h7>i?x^'i: 
nf-v*;uMOS h v>i;:?;'j7®y-y>>ir;Hiftt:<t 

[0 0 0 4] 

s h-7>i'*Xi5' t:n5^-v^;uM0S h ^>':;;^^®a«t 
OS h7>i'x^i:n5=--\'4^;i/M0S h7>i;;^4'#^ 

ismatA*liAb-c^)aJ^Jmt^t{±^t>e>r^ Ra«tiiE®Ji 

b*, Mt, ffi^SMOS h7>i'*;^i'®fiat#PIKfic 

[0 0 0 51 C®*B^1±^ ±IB»t»?:#iffl:LT^rf^nt 

«®?c^{b««g*^fe-a-fe«Sii*iil8S*tlfltf s c i: 

( 0 0 0 6 ) 

[^S5)»!*-r2>fc:«)O^S] C®«B^lC»:5igi[ii*i 
ElSStts nf-v^;w®SttMOS h7>5?;^^'^tti:pf- 

^^;L'®^ 1 U > h ^ 7-[5]|^{c ct S^I&ft^^S:* 
t^m l©A;'3SMi&tiiB!elKi:. pf--^ ;f;u®Mi&M 
OS h7>>':^^?ifi:nf"i'^;i'0^2®*u> h 

-Hsscistgiij^^^sw-rs, Buiam 1 ® 

Ji*ilnigSi:3£?iJSi^^nfe^ 2 fflA;bSlliiJi*i[B]i^ 

mm^ix. Ku-f >*i{t^tti*Jisic^si$nfep5^-v 

^;i/Otiii;eM0 S h 7 >j;;^^^:5UfH5iH^ 2 ®A;be 
Milli*|[l]IS®Ui;»3t:J;!3'y-h*J«iJ»^tti. KU-O 
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^7>v';^^5'^:ffll^-CH^iiepf-•V^;^©Hitf©M0S h 

5 >yx^'CD«»fit:i:t^J■r■^>^ffi««^£:^#s^ 1 cD«M 

tfettiHISi:, iii3n5^+^;i'®tiJ*@MOS 

«gft<^aiisii«®Ui*c J; D ^fi-efifSiJiW^nsmssiiSM 

OS h7>i^;^^«rWL. fJia^l, ^2®*U>h^ 

ttSHi^ t J; S^^aiSm® 10 {C Jrt^J -r S Sip«fl!t 5: if -5 a 

[0 0 0 7 ] C©^0fl(CJil,NT»t L < Buia^ 1 © 
«»S<ttliiaSS(is HuI5pf-1'*;i'©affil^tBfflM0S h 
•7 > ^' © 5" ■\' ^ -'I'ti h 5^ •\' * ;uft® tfc A* Hiiaa p 5^ 
;*.;i/®Hi;^gMOS h'7->i/7.i>(D^-v^)\^mt^-v^20 
;bftffltt©l/N ({lb. N>1) tCig^^n-C^ 0512 
pf-A'^;i/©aj;'3®M0 S \'^>i^:^ f<DZ2i'^^mM 
© l/NO^tti«8S$:f#■5•feO-e&t)^ B«iaB^2©«jS 
tfetBliSStt, Hfiffin5^i'^;i/©msit«^mfflM0S h7> 

OS h7>i;:;^^'©3Ui'4'S«© l/N©tftms»K* 

[0 0 0 8] 30 
[f^ffl] c©^H5Ci5a»«*i[iiiSli. ^1. ^2© 

SilP^K. tti:ti@!t.pf- + *;Hl5:^j@M0S 

tnf^-f ^>l'ffi;'3eM0S h7>i^:^^'{Ccfc5fflM 
^laSSiiLTUSo SfeSl, m2®A;de^«iti«[Il 
SSttt, -fn-S-n^l, S2©:*jU>h$7-[l]SSC<t 

tiJ;l3S®p^-v:f-;vM0S h^Vi^x^-i:!! 

2©m5!t^Ui(HlS§*l9:«t, ^ne.©l^tBSBit©«(::it«?iJ40 

1 , ^ 2 1/ > h 5 7-[5iss©i*)iS*S«t«@Si: 

[0 0 0 9] ::ac<t'^^ c©^flS©a»ttililEi!St- 
tt> ffi;b©©Ma«s(t*S'^lliUJ;ai:-rsi:^ m\,^ 

x\mmnmmi^t^i3\Pix&n\t. ^i, ^2 ©a 
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l|{cl»±$n5o m;'3«;flS©Mi5-(cML-C(i. ±i$®« 
sSt^tU i: tc <t 2, © 7 - hv-N- ^ l± ipip 

[0 0 10] 

ijiB^ti>o HUix c©^H^ffl-IISfi^Jt:«i.«»Jili 
^we>n> -?n^*ioy-h*»s*5A:*)«i?^iN2, 

SteA^iS^^I N 1 i:«;5nf->^;i/®lll!;M0S V=7 
^VT^^nOil, Q3 5:ffll^fcml®^l)^il|iIll^Sl 

?noy- h I N 2 , 4¥S.^Xtim^ I 

[ 0 0 1 1 ] ^ 1 ©Mi&ii*ililiS 1 (DBiti^n 1 ttti, 

MOS h^>i/7;$'Q3©Kl/l'>fflt:li. p^^i'^^l/ 
MOS h5>v'Xi'Q7, Q f)«E)6^ixfclll© 
*U> h $7-|HlgS3fflM0S h7>i;;<^'Q 5 As^id 
ftl^i:b-c»X$n-cv^s, P«it:> ^ 2 ©Mftti^ilsi 
SS2®ffiA«N2 t^tSMOS h5>i;::^^'Q4® 
-fVtltrli. n^-\';f;i/MOS h7>i'::^^Q8, Q6 
tcJ;*)«fie^ixt^2®*U> h ^5-@SS4®M0S 

[0012]^! ©HftJtililSSS 1 ®HJ*«N 1 C<t D 
^^-h*i»)^^tl5p5^-^':t^;i'®tfJ*@M0S h7>s; 

;:^^j'Qi5i:, m 2 (Dmummm^ 2 (7) mtimN 2 izx 

») h #SiJ»^ n S n ^ -f ^ ;uotB:^eM 0 S h 7 > 
'yX^Ql 6 i:Ai-en-?n««SVDD{Bll, SJfeVSSfflifCE 

l^n. h'U'i'>$ttii(c«^ai;^i«OUTt;:SilSgbT 

[0 0 1 31 mi. ^2®*U>h ^7-|51SS3. 4t: 

mSKJSlHlSS 8 li. p^i'^;uoai:^SM0S h7>>?;:^ 
1 5©«5ftfi(CJi&bT5|JilSAs$i|»$nSx mi© 
U-V b ^ ^— lHlS83iR!l©n5'i'^;i'M0 S h^^i^;^ 
^Q9t. n^v*;i/®tlJAg!M0S h7>$;:^^Q 1 
6®m»S*t/Sl;T*SiiiS*'S'l»^n5. m2®*b> 
h 5 ^— lHlSS4ffl!l©pf--\'^;i/M0 S h5>v::^^'Q 1 
Oi:, cn?)(cil?ijt:|fA^nfc®}S;R 1 , R2 ttf^^ 

[0 0 14] tgfflSm;^[H]!S5Oai*©M0S 
X^Q15, Q 1 6©^n^n©Sfl!tt^m$:ff -^tft 

mi, m2©«B£i^ttiiPiss6, 7^^ig;(tf>^l■cl^ 
So m 1 ©mSSt^ttJElSS 6 tt, ttJ:<j@M0S h^v-:?;;^ 
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i:.^m^tix. MOS h7>-:^;:^^'Q 1 5 fcisiuy-h 

^m^fSm. UJ^SMOS h7>i<J;^^?Q 1 6i:lBii: 

[0 0 15] a:»S«^aifflMOS h^>i^:^^Qi lof- 
^'^;^♦lWlli:^■v;^;^:SLll®Jttt^ ttSASMOSh 

'yy-l/T.^Q 1 5ffif--\';^.;ntiW15i:f^-v;f ybftLlSCD 

^nSo fiU> Nli 1 J;t):;»;#i,>!ai:f So 
[0 0 16] 

[tStl] W11/L11= (W15/L15) /N 

[0 0 17] pstc. nm^mmMos 

1 2 05"i'^;n»iWi2i:?-i';f;i/SLi2®J:bl±, m;t;S 

MOS V^yVT^^Qil 6®?'-\'*;nffiWi6i:^-\':?^;i' 

[0 0 18] 

[i»2] W12/L12= (W16/L16) /N 20 
[0 0 19] -;f5«DSgSttffifflM0S Vvyi^T^^Ql 

nso fl6;5r©a«t«^tBMMOS h7>i?;<^Q 1 2© k 

7>S;::^^Q 1 4S::n'bTSjiVDD{Cgi^?n5o Clix 
t>©MOS V^y'y7.9Q\3, Ql 4 0'r-Hi:, ft 
JgVDD-SttVSSia^^E-raffilaR 5 . R6t:j;atf 

Ismiii^N 3 osiit J; t) *J«Bi$ ixSo 

[0 0 2 0] tl±cD}gJn:R3i:M0S h7>v?;^i'Q 1 30 
3CDgB^, ZiC>'}6fiT;R4i:MOS h^Vf^XiJ'Ql 4® 
gp^tt, •f^^-^'J^«^K^^t^ifflMOS h7>j;;^iJ'Q 1 
1, Q 1 2CJ;S4$tiiS»lt$SEffi(;|g]^t'&S%S£ 

5 4s*b> h ^^-lslK3, 4©itasifftai3g[q]gS8 

t:j=j(t.5Mos h^^i-'x^'Qg, Qioro-r-hcs 

[0 0 2 1 ] C®«Jr«fiE^nfeS[SJi*i[5]K©ffi;fj« 

h7>e;:^i^Q 1 6©3u^^mwi, -fti-enmi. 

fflM0Sh7>i^;^^'Qll,Ql 2©5"l'^;Hii:^ 
■\'*;i/fi©itAs^n^nai;tjSMOS h7>i;:^^Q 1 
5, Q 1 6©-efi{C?^UTs B!lii©<t-5C, 1/NCia 
S$^^■C^^54>e>. tB^jSMOS h^Vi^J^^'Q 1 5, 
Q 1 6©nu^i^||gt® i/N®«^tt5S«t-C«S(tMm*» 

[0 0 2 2] mw^nrnm.^^ s tc j: i>£item%ii:. z n 

e.©^ 1 . ^2©Sat«iaiIe]!S6. 7t<fcS^tli«aE©50 



6 

fa(cit0>j-r5J;^(cqr^S'j?ii?ti. cni^mi. ®2© 
*u> h ^7-[p]^3, 4t<fc>). ^n^n^i. ^2 

O^KrlililelSS 1 . 2 ©igiit<^S«i: bT-¥ A 

^^«fflfflsmAii!S4T-o«a«i{ttfJi 

:*:-r5i:. zti^nmLX. m\, ^ 2 ©Hl&iiililfill^ 
1, 2X\t^mn.^U0SV7y'y7.^Qb, Q6 0« 

m.t^m±t^i5^. sp*.. -:?^®ai;'3iffiN 1 (±mA^± 

ffU fl6:5®Hi:^igN2tt«{SiSTr-5;^|6i{rffl<, d 

ntj: f). ta^SMOS h7>i/-;^<S'Q 15, Q 1 6»± 

«t$:iSe. ■r;^lPl©ft'J«ii**iPiP5 C i: fc 

[00 2 3] fei±®siisi!if^^ <fc ») ^mixcmmt 

So S!iB^StS*«C-rSfci?)s »:®<SS«:*5<. JtrRS 
= R6J:L. ^-h-N3CI±VDD/2ASff c>ti5*®i: 
fSo R 1 =R2=R3=R4 tb. p5^-f^;i/ 

MOS h^:/i^;^^Q 1 Oi:Q 1 3i:tt|iI-9--fX. nf- 

So »1 , ^2®M«lJiiSlHl!Sl, 2ffl^«at«I2, 
I ll±. 11 = 1 2 ttSo 

[0 0 2 4]^1, !g2©«%1$tt!(a]!S6, 7 ilSipS 
«ag@SS 8 ©5g|5©«ESS(t©il^^ S^r i:, 0 2 © i 
otctcSo mi, m2©«at1tail5lSS6, 7tCJ;?.l^ttJ 
Sa!ti)l^ ^^^©.tat: 111, Il2tuti:#s en?)© 
SSfttJ;?), teJitRSOpgJffitSEVRS. M0Sh7> 
i'l^^^S'Q 1 Z(Of-V ■ V-7Ht:SEVT13 . Uttt 
t&SiRA(Dmmcm.EVU. MOS h7>i;:^4'Q 1 4 
©-y-h • V-::^Ht:«EVT14 ifi^^t?><, 

[0 0 2 5] tieo-c, s^matisiissBoMos h^y 

J^;^^Q9i:Q 1 0©^i^-MgUctt. Tg»3©SE4i 
[0 0 2 6] 

[|S3] VR3+VT13 +VT14 +VR4 

[0 0 2 7] mmnmmm^s<DMosh^>>j 

T.fQdCDf-h • V-XFa«E*VT9, MOS hv> 

1, R2®^ffi«E*^tl^n> VRl. VR2fr?>i:, 
» 3 i: ©M«ST- Jk©» 4 e> tl S 
[0 0 2 8 1 

[i(4] VT9+VR1 + VR2+VT10 =VR3+VT13 +V 
T14 +VR4 

[0 0 2 9] ^^9i.mbtzm=^^m<om^ii'<b. vti3 

= VT10 . VT14 =VT9-C*2.A»?), »4tt. J5?©ft5 
[0 0 3 0] 

[»5] VR1 + VR2=VR3+VR4 
[0 0 3 1] Sit6S«til§lHlS&8®MOS 
Xi'QB, Q 1 0©«»S$I9 , I lOfcrS^x »5A» 

?)s Ti2iS6®5i«*s^f e>ns, 

[0 0 3 2] 
[»6] 
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Rl • 19 +R2 • I10=R3 • I11 + R4 • 112 
[0 0 3 3] hC^TN «oSI9 . I lOliflklC^HSISA^ 
)5:^^A^^.^ 19 =IlO-C-$>»). *feHUKE®J;dt:R 1 = 
R2=R3 = R4i:-rSi:> St6 ip^lfcOS? Asff?)*! 
5o 

[ 0 0 3 4] 

imi] 19 =110= (110+112) /2 
[0 0 3 5] iM±t:J;D, ^1, l|2eD*b>h5 7- 
1h!^3, 4 Otta<DSipSffi I 9 = I lOti. ^1. ^2 
(DS»S«ltmilSS6, 7t:J:Sl^tti«:«SI 11, I12®ffl(ClO 

[0 0 3 6] z<Dm^i^xmmmmi3mm5(Dmmmm. 
izuBi^x^m^tiz&mmmi'm I , ^ 2 ©MWit^iia] 

!S1, 2®gfei!(M#m»fti:LT4xe.n5A^e., 
2<Z)M0S h^Vv'J^^QS, Q6tfttt:aS<:r>-ri)20 

:sri6ii3tli#. fflasai*[aiss5<DKji«at«:fli^i.j;o 

[IKl, 2li-en^ix^«$it«|I 2, I 1 (cj; 
[ 0 0 3 7 ] C:ffl«»igig[llSSOUl;^«&!{|^« 

agvDDcD^i^^4'P^m^4t:*5i:■r5i:^ *ftm««tttiii 
= ii2T-*5. ^1, m2commmmms&i . 2 

©BliftftiWh^vyx^QS, Q6©«»!tIQ5, IQ6li30 
^n-en, *L/> h ^7-[sl^3, 4{Cj;t)> I,Q5=I 

9 , i(!6= iio-e*»). a-3 19 =iio-e*53!)»e>v a 

Q4(OS«IQ3, IQ4{±, TSa»8i:^cS. 
[0 0 3 8] 

[St8] IQ3=Ili=I12=IQ4 

[0 0 3 91 Hit. «iai«S(tIlI, 1 12ds«JgoMi61i 

[03 
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♦ilEli^l, 2®m«IQ3, IQ4i:l|L^^^*S. 

tl«. a3;^SM0S h7>xX^Q 1 5, Q 1 6 
c *i c> ® N ^©fitt- S^fb $ iiT I ^ 5 c t: S o 
[0 0 4 0] W±®SiW!&»P,^^CWf>A»^Cj;9{C, ^ 
1, ^2®SiK*^tliI51SS6, 7SUfSi|l«m«g[B]SS8 

tt. 4iffl5itti*[alSS5©MOS h7>v;^^'Q 1 5, Q 

\t. ~1o<DXtl^ I N 1 ©«{id^^t6;5©A;^« I N 2 t: 
Wb-r±#1-i>i:. Sl®ai&Ji^i[ilS§lT-l±tB;^J«N 

XrrS^lpltf^fflU ^2©Mi&«*i|51SS2-etttl5;t7 

SN 2is«&{STbttti;'3MOS h7>v;:^^Q 1 6 ^£ 
^7{c-r5;^|p](cf^fflt5lK*> «^t±i:^Ji!SOUT®« 

[0 0 4 1 ] 

©©llttii*ili8St:ai*@!©Sii««t®^«j4«iSi|-r5 
iHigs e o o T ffi ;^@s«©^^ft ligg * ^ t s c: 
[glSofll^^SiB^l 

to 

[0 31 «e*©s[»JiiHiii8S*^x-ro 

[0 4] 0 3oi5igs4efisu^cSrSLii)iiBiss&g^t. 

[^^©UiB^] 

1 1 fflA5!jeM*l«*ilEl8S, 2 1 ® 
JtiSSiS. S-miffl^UVh^^-agSs 4-^2© 
:<JU> h ^7-(e]!S. 5 "•fflffiSm;^tHlSSv 6-^1© 
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